The mechanisms that guide axons through a complex cellular landscape to reach appropriate target cells are central to our understanding of neural development. Decades of work suggest that guidance information is interpreted by signaling machinery that controls the complex and dynamic cytoskeleton at the growth cone leading edge. Recent insights from the areas of signal transduction and cell biology have identified a number of key components that play central roles in this chain of command, including members of the Ena/VASP and WASP family of proteins. Although our understanding of the precise mechanism by which these proteins control actin assembly is still incomplete, these players are emerging as potential sites of integration that translate convergent signals into directional cell movement. This brief review explores some of the most recent articles on this topic.
A BIOGRAPHY OF THE GROWTH CONE
The conceptual birth of the growth cone can be traced to the resolution of a fundamental argument regarding the nature of the nervous system. In the early 1900s, Camillo Golgi and the "reticularist" school held that the network of fibers and cell bodies of the nervous system were connected in a continuous open network, or reticulum (Clark and Jacyna, 1987) . In opposition to this, the "neuronist" school, including Wilhelm His and Santiago Ramon y Cajal, proposed that the individual neuron existed as a distinct entity within the neuronal network (Clark and Jacyna, 1987) . Through extensive anatomical observation, His and Cajal concluded that the fibers of the nervous system grew from neuronal soma and formed connections with neighboring cells, thus forming the observed network. This conceptual leap marked the beginning of a field of research whose main objective is to understand how nerve fibers elongate from the cell body and navigate to their correct destinations.
The fundamental structure that propels the nascent axon forward is the growth cone. In retrospect, the early descriptive work of Cajal provided some of the first mechanistic insights into the growth cone and anticipated current lines of research (Cajal, 1995) . The dramatic growth cone structures Cajal observed in tissue sections are now referred to as lamellipodia and filopodia, two dynamic features located at the leading edge (Fig. 1) . Lamellipodia are large fan-like protrusions often located between thin, tubular filopodial extensions that can reach several cell diameters ahead of growth cone center. These two membrane structures constantly expand and retract as they sample the local environment and lead the growth cone into new territory.
The shape and dynamic movements of the leading edge membrane depend on the underlying cytoskeleton. The growth cone's lamellae contain a dense network of actin filaments that flow in a retrograde manner over time away from the leading edge (reviewed by Suter and Forscher, 1998) . Actin polymerization occurs near the membrane, whereas depolymerization occurs at the back of the network, resulting in a "treadmilling" of actin filaments (see Fig. 1 ; reviewed by Suter and Forscher, 1998) . Protrusion of the growth cone's lamellae and filopodia is thought to occur through engagement of the actin network with receptors that grasp the extracellular environment, a mechanism that has been compared to the clutch of an automobile (Mitchison and Kirschner, 1988) . This slows the rate of retrograde flow of the actin network and translates the actin polymerization at the leading edge into forward motion (e.g., Lin and Forscher, 1995; Mallavarapu and Mitchison, 1999) .
Disruption of the actin cytoskeleton with pharmacological agents causes defects in axon outgrowth and guidance (Marsh and Letourneau, 1984; Bentley and Toroian-Raymond, 1986; Letourneau et al., 1987; Chien et al., 1993; Kaufmann et al. 1998) . Furthermore, upon contact with preferred substrates, focal bursts of actin accumulation at the site of interaction have been observed to correlate with a redirection of the growth cone (Lin and Forscher, 1993; O'Connor and Bentley, 1993) . These experiments and others suggest site-directed actin polymerization as a likely mechanism for placing growth cone motility under directional control. However, the mechanisms controlling the growth cone's forward motion are highly complex; for example, modulation of retrograde flow and actin polymerization are important, but actin recycling and microtubule dynamics also play key roles in the motive force behind the leading edge. Several of these topics are reviewed elsewhere in this issue. In light of this, our review will focus primarily on signaling components that modulate the actin assembly process.
Growth cones derive their directional information from a variety of extracellular guidance cues. These cues can take the form of both secreted and membrane-bound attractive and repulsive factors. To date, a large number of these guidance cues and their cognate receptors have been identified (Tessier-Lavigne Figure 1 Actin cytoskeleton at the growth cone leading edge. (A) A Drosophila embryonic motor growth cone is seen extending across the surface of somatic muscles. This growth cone and the axon forming in its wake are visualized with a monoclonal antibody (MAb 1D4) directed against the N-CAM-like Fasciclin II ( Van Vactor et al., 1993) . For scale, the width of the micrograph is approximately 10 m. (B) A tracing of the growth cone seen in (A) highlights the leading edge of this complex membrane structure. In the lower right, a magnified region is shown to diagram the structure of distinct actin microfilament networks that underlie lamellipodia and filopodia. The F-actin within filopodia is organized in long, parallel bundles, whereas lammelipodia contain a mesh of orthogonal microfilaments. Both of these structures are dynamic. In the upper right, a summary of actin assembly events is shown relative to a single filopodium. Actin polymerizes at the membrane cortex, followed by a bulk retrograde movement of microfilaments away from the leading edge.
and Mueller, 1999) . There is also an extensive collection of actin-associated proteins that regulate the structure and dynamics of actin cytoskeleton (Stossel, 1993) . The next step in dissecting the guidance process is the elucidation of the pathways that guidance receptors use to communicate with actin-associated proteins to produce local actin polymerization and changes in motility.
TYROSINE PHOSPHATASES AND KINASES IN AXON GUIDANCE
The importance of tyrosine phosphorylation as a mechanism for controlling the motility of nascent axons has become clear in recent years. Inhibition of tyrosine kinase activity with pharmacological agents causes defects in neuronal outgrowth and guidance (Bixby and Jhabvala, 1992; Miller et al., 1993; Doherty et al., 1994; Worley and Holt, 1996, Menon and Zinn, 1998) . More recently, specific receptor and non-receptor tyrosine kinases (RTKs and NRTKs) have been implicated in axon outgrowth and guidance in different contexts. In vertebrates, the Eph family of RTKs play an important role in guiding retinal ganglion cell axons to their targets in the developing tectum (reviewed by Flanagan and Vanderhagen, 1998) , a process that also appears to involve the fibroblast growth factor RTK (McFarlane et al., 1996) . NRTKs such as Src and Fyn also appear to mediate axon outgrowth behavior (Beggs et al., 1994; Ignelzi et al., 1994) . In Drosophila, the RTK Derailed (Callahan et al., 1995; Speicher et al., 1998) and the NRTK Abl (Gertler et al., 1989; Wills et al., 1999a) are required for the correct development of multiple axon pathways, suggesting that the importance of tyrosine phosphorylation in axon guidance has been evolutionarily conserved. The reliance on tyrosine kinases in neural development immediately predicts a role for protein tyrosine phosphatases in maintaining a balance of phosphoryation (reviewed by Van Vactor, 1998; Stoker and Dutta, 1998) . Work in Drosophila has shown that several receptor protein tyrosine phosphatases (RPTPs) play roles in guiding nascent axons along correct pathways (Desai et al., 1996; Kreuger et al., 1996; Garrity et al., 1999) . For example, the RPTPs Dlar, DPTP69D, and DPTP99A are involved in the guidance of motor axons to correct target muscles in the embryo (Desai et al., 1996; Kreuger et al., 1996) . Comparisons between single, double, and triple mutant Drosophila embryos demonstrate a complex functional relationship between RPTPs in motor axon guidance (Desai et al., 1997a) , suggesting that these proteins may signal through common downstream components.
Although relatively little is known about the transduction pathways downstream of most guidance receptors, genetic approaches are rapidly identifying components that facilitate signaling within the growth cone. For example, recent work suggests a connection between the RPTP Dlar and the actin cytoskeleton through a putative signaling pathway involving the NRTK Abl and its substrate Enabled (Ena). Loss-offunction mutations in Dlar show a motor axon phenotype where the intersegmental nerve b (ISNb) fails to enter its target muscle domain, bypassing its normal site of termination (Krueger et al, 1996) . In abl loss-of-function mutants, ISNb makes the correct choice to enter the target muscle field, but then arrests before reaching its most distal target muscle (Wills et al., 1999b) . Interestingly, mutations in abl suppress the Dlar phenotype, revealing an antagonistic relationship consistent with a model in which Abl and Dlar display reciprocal catalytic activities (Wills et al. 1999a ). This model is further substantiated by the fact that that neuronal overexpression of Abl gives a Dlarlike phenotype (Wills et al. 1999a) , whereas strong neuronal overexpression of Dlar gives an abl-like phenotype (Wills and Van Vactor, unpublished results) . Evidence for a direct signaling pathway is supported by biochemical experiments showing that Abl binds to and phosphorylates the cytoplasmic domain of Dlar (Wills et al., 1999a) . Because an intact kinase domain is required for all Abl functions in this context (Wills et al., 1999a,b) , this mechanism appears to depend on the phosphorylation of Abl substrates unlike other functions of Drosophila Abl (Henkemeyer et al., 1990) .
A candidate downstream target for Dlar and Abl is Ena, a phosphoprotein isolated as a suppressor of abl lethality (Gertler et al., , 1995 . Loss-of-function mutations in ena have an ISNb phenotype similar to Dlar, suggesting a common function (Wills et al., 1999a) . Ena can directly bind to Abl and Dlar and serve as a substrate for both enzymes in vitro (Wills et al., 1999a) , although further evidence is required to demonstrate a direct biochemical pathway in vivo. However, the ena loss-of-function phenotype is fully penetrant in ISNb, whereas Dlar or abl loss-of-function mutations show only partial penetrance (Kreuger et al., 1996; Wills et al., 1999a,b) . This suggests that other input pathways (e.g., receptors) contribute to the control of Ena function during in ISNb axon guidance. Consistent with this model, simultaneous loss of multiple RPTPs generates an ISNb phenotype more reminiscent of ena alone (Desai et al., 1997a) . This points to Ena as a possible integrator in the growth cone capable of translating convergent signals into changes in growth cone behavior.
ENA/VASP PROTEINS AND THE ACTIN CYTOSKELETON
The Ena/VASP family of proteins, include Mammalian Ena (Mena) (Gertler et al., 1996) , vasodilator-stimulated phosphoprotein (VASP) (Haffner et al., 1995) , and the Ena-VASP-like protein (Evl) (Gertler et al., 1996) , has been implicated in controlling actin dynamics. For example, both VASP and Mena localize to the leading edge of motile cells and the tips of growing filopodia where actin polymerization occurs (Lanier et al., 1999; Rottner et al., 1999) . Moreover, the amount of VASP present appears to correlate with the rate of filopodial protrusion (Rottner et al., 1999) . In a more direct functional assay, overexpression of a neural Mena isoform in fibroblasts induces dramatic actin-rich processes (Gertler et al, 1996) . Similarly, studies of the intracellular pathogen Listeria monocytogenes show that Mena, VASP, and Evl act as modulators in this well-characterized model system for actin-based cell motility (Pistor et al., 1995; Gertler et al., 1996; Niebuhr et al., 1997 , Laurent et al., 1999 . Together, these data implicate Ena/VASP proteins as regulators of actin dynamics in the growth cone and other motile leading edge structures (reviewed by Gallo and Letourneau, 1999; Lanier and Gertler, 2000) .
But what links Ena/VASP proteins to actin assembly? One possibility lies in a proline-rich central domain conserved in all Ena/VASP family members, which can bind both the dAbl SH3 domain and the actin monomer-binding protein Profilin (Gertler et al., 1995 (Gertler et al., , 1996 Ahern-Djamali et al., 1999) . Genetic interactions in mice support the idea that Mena and Profilin participate in similar signaling pathways. Mena knockout mice are viable and show axon defects in the central nervous system (Lanier et al., 1999) . However, when one copy of profilin is re-moved in the Mena knockout mouse (Mena Ϫ/Ϫ, profilinϪ/ϩ), catasrophic defects are observed during neural tube closure that are not seen when Mena alone is missing (Lanier et al., 1999) . This suggests a cooperative partnership between Profilin and Ena/VASP proteins in this actin-dependent process.
Profilin is an abundant protein that regulates actin polymerization at multiple levels (reviewed by Theroit and Mitchison, 1993) . In vivo, Profilin is required for a number of actin-dependent morphogenetic events (e.g., Magdolen et al., 1988; Haarer et al., 1990; Cooley et al., 1992; Manseau et al., 1996) . Studies in different motile cells shows that Profilin is concentrated in regions of dynamic cytoskeletal rearrangements at the leading edge (Tseng et al., 1984; Buss et al., 1992) . In cultured neurons, a dominantnegative form of Profilin can block axonogenesis in vitro (Suetsugu et al., 1998) . Recent work in Drosophila has also revealed a role for profilin (chickadee) in the outgrowth of motor axons both in vivo and in vitro (Wills et al., 1999b) . Interestingly, zygotic profilin mutations show ISNb growth cone arrest phenotypes similar to mutations in abl (Wills et al., 1999b) . Moreover, abl and profilin show potent genetic interactions in the developing Drosophila central nervous system implying that they act in a common process, perhaps linked through their associations with Ena (Wills et al., 1999b) .
At the level of the signaling machinery immediately upstream and downstream of Ena, the emerging picture seems complex. Studies of Listeria motility suggest that the Ena/VASP family's C-terminus may directly interact with and organize filamentous actin as pert of the downstream output (Laurent et al., 1999) . Recent unpublished data also suggest that Profilin is not the only actin-binding protein that contributes to Ena function (Wills, Baum, Comer, Hoffmann, Perrimon and Van Vactor, unpublished observations). Upstream, Ena family members interact with cytoplasmic proteins like Zyxin and Vinculin and perhaps other transmembrane receptors likely to control the recruitment and distribution of Ena near the plasma membrane (see Gertler et al., 1996; Niebuhr et al., 1997) . However, the precise mechanism of Ena function remains largely a mystery.
Of course there are many signaling pathways that regulate cytoskeletal dynamics. The integration of guidance information, like other forms of cellular signal transduction, is likely to involve cross talk between different biochemical pathways. In this regard it is intriguing that Drosophila Ena displays potent genetic interactions with the guanine nucleotide exchange factor Trio, a protein that interacts with Dlar, activates the Rac GTPases, and plays an important role in the formation of multiple axon pathways (Awasaki et al., 2000; Bateman et al., 2000; Leibl et al., 2000; Newsome et al., 2000) . This possible connection between Ena and the small GTPases, well known for their importance in orchestrating cytoskeletal assembly and cell motility behaviors, may provide a point of convergence between pathways previously thought to be distinct.
TRIO AND GTPASE SIGNALING
Among the known regulators of actin cytoskeletal architecture, members of the Rho family of small GTPases are perhaps the most widely studied (reviewed in this issue). Dominant loss-and gain-offunction experiments have shown that these Ras-related molecular switches, including Rac, Rho, and Cdc42, control distinct facets of the motility and cell polarity machinery in response to extracellular cues (reviewed by Hall, 1990; Chant and Stowers, 1995) . Genetic manipulation of the GTPases in Drosophila and Caenorhabditis elegans confirms that their functions are important for neuronal migration and axon guidance in vivo (e.g., Luo et al., 1994; Sone et al., 1997; Zipkin et al., 1997; Kaufmann et al., 1998) . However, less is known about how these GTPases are activated in neuronal cells.
The active state of a small GTPase depends on whether it is bound to GTP or GDP. When GTP is bound, an active conformation is achieved allowing engagement with downstream effector molecules. Bound GDP prevents the enzyme from interacting with its targets. Because GTPases are slow to release GDP, guanine nucleotide exchange factors (GEFs) that catalyze the acquisition of GTP are essential for signal transduction (reviewed by Cerione and Zheng, 1996; Machesky and Hall, 1996) . Although a number of GEF proteins have been identified from different sources, very few have been studied in the context of axon guidance. However, recent genetic characterization in Drosophila and C. elegans suggests that members of the Trio GEF family mediate a variety of growth cone motility behaviors.
Trio was initially identified as a human protein that interacts with the cytoplasmic domain of RPTP LAR (Debant et al., 1995) . This vertebrate gene contains a series of N-terminal spectrin-like repeats followed by two dbl-class GEF domains; GEF1 shows specificity for Rac activation, whereas GEF2 predominantly activates Rho (Debant et al., 1995; Bellanger et al., 1998) . More recently a C. elegans gene called unc-73 was shown to encode a Trio orthologue (Steven et al., 1998) . Loss-of-function studies of unc-73 reveal a variety of axon guidance and cell migration defects (McIntire et al., 1992) . The subsequent identification and analysis of mutations in Drosophila Trio (trio) confirm the importance of this gene in the formation of multiple axon pathways (Awasaki et al., 2000; Bateman et al., 2000; Liebl et al., 2000; Newsome et al., 2000) . Interestingly, ISNb axons deficient in trio function display a growth cone arrest phenotype very similar to that observed in abl mutants (Bateman et al., 2000) . This phenotypic parallel is consistent with the fact that trio is a potent enhancer of abl phenotypes (Liebl et al., 2000) . However, reduction in trio function also enhances the Dlar ISNb phenotype (Bateman et al., 2000) , an observation consistent with previous data implicating Rac as an integrator of multiple inputs including Dlar (Kaufmann et al., 1998) . These observations suggest that Trio is part of a complex network of signaling interactions.
Further evidence for complexity in the Trio pathway comes from studies of retinal axon pathfinding in Drosophila. In retinal axons, trio mutations display genetic interactions with the p21-activating kinase, Pak, and the SH2-SH3 adaptor protein Dock (Newsome et al., 2000) . Pak is well known for its role in Rho-family GTPase signaling in a variety of contexts (reviewed in Bagrodia and Cerione, 1999) . Dock is a homologue of the vertebrate protein Nck previously implicated in axon guidance through its recruitment to activated EphB1 and EphB2 receptor tyrosine kinases (Holland et al., 1997; Stein et al., 1998) . Nck also interacts with the Son of sevenless (Sos) protein, a GEF for both Ras and Rac, although a role for Sos in axon guidance has yet to be established (Hu et al., 1995) . In Drosophila, the relationship between Trio, Nck, and Pak also implies an indirect connection to the activation of Cdc42 because Pak is associated with the Cdc42 GEF, Pix, in other systems (see Hing et al., 1999) . This is consistent with similarity of the Trio loss-of-function and Cdc42 N17 dominant-negative phenotypes in embryonic motor axons; both cause ISNb to arrest before reaching its distal target muscles (Kaufmann et al., 1998; Bateman et al., 2000) . However, it is too early to know whether Cdc42 actually lies downstream of Trio.
Already it seems that Trio is at the crossroads of many signaling pathways that control cytoskeletal assembly and cell motility. Although it has been clear for some time that the Rho-family GTPases act as integrators of multiple upstream events, the pathway(s) that link these enzymes to cytoskeletal architecture have only recently been elucidated. These studies remind us that many insights relevant to the understanding of growth cone behavior and axon guidance will come from nonneuronal systems where exceptional opportunities for biochemical or cell biological analyses exist.
FROM GTPASE TO ACTIN ASSEMBLY
Cdc42 plays a role in several neuronal processes, including growth cone remodeling (Kozma et al., 1997) , axon outgrowth (Kaufmann et al., 1998) , and dendritic remodeling (Threadgill et al., 1997) . Among the Rho-family GTPases, Cdc42 is also the best understood at the level of actin assembly mechanism. This recent progress is due in part to the finding that Cdc42 can drive actin polymerization in a cell-free extract system (Ma et al., 1998; Mullins and Pollard, 1999) . This elegant in vitro assay has been the basis of powerful fractionation and reconstitution experiments. Two groups have shown that the Arp2/3 (actin-related protein) complex is required for the actin polymerization activity of Cdc42 in this system (Ma et al. 1998, Mullins and Pollard, 1999) .
Arp2/3 is a complex of seven peptides that was originally purified from Acanthamoeba castellani through its ability to bind Profilin (Machesky et al., 1994) . The evolutionarily conserved complex has also been purified from Saccharomyces cerevisiae (Winter et al., 1997) , humans (Welch et al., 1997) , and Xenopus laevis (Ma et al., 1998) . Moreover, the Arp2/3 complex localizes to actin-rich structures, including the leading edge of motile cells (Welch et al., 1997; Machesky et al., 1997; Svitkina and Borisy, 1999) , and can nucleate actin filaments in vitro (Mullins et al., 1998) . However, the lack of direct physical interactions between Cdc42 and the Arp2/3 complex suggests that there was a third unknown factor required to facilitate the communication between the two proteins.
This mystery was solved recently with the finding that the Arp2/3 complex binds to the family of proteins that are related in sequence to the canonical WiskottAldrich syndrome protein, WASP (WASP; N-WASP; Scar-1/Wave; and Bee1p/Las17p; reviewed in Svitkina and Borisy, 1999a) . This protein family is required for the normal function of the actin cytoskeleton in humans and yeast (Li, 1997; Zicha et al., 1998) . Although all of the family members appear to interact with the Arp2/3 complex and actin at their C-termini, only WASP and N-WASP contain an N-terminal GTPase binding domain that recruits Cdc42 and to a lesser degree, Rac (Aspenstrom et al., 1996) . This suggests that WASP/N-WASP may be important partners in the Cdc42 regulation of the actin cytoskeleton.
Rohatgi and colleagues recently tested the functional requirement of N-WASP in Cdc42-induced actin polymerization in Xenopus cell extracts. They found that while full-length N-WASP and Arp2/3 alone induce little polymerization activity, together they cooperate to induce a modest polymerization. Furthermore, the addition of Cdc42 greatly potentiated the actin polymerization-inducing activity of full-length N-WASP (Rohatgi et al., 1999) . This points toward a protein complex that cooperates to nucleate actin filaments and thus control actin dynamics at the leading edge of motile cells. Interestingly, this same induction is observed when a C-terminal fragment of N-WASP is added without Cdc42. This activated form of N-WASP suggests that N-WASP may exist in an active and inactive conformation. Thus, Cdc42 activates N-WASP by binding near the N-terminus and unmasking the C-terminal domains to interact with Arp2/3 and nucleate actin polymerization. These data support a model whereby activation of N-WASP may promote nucleation by juxtaposing free actin monomer and the Arp2/3 complex through its Cterminal domains (Machesky and Insall, 1998) .
A second approach to N-WASP function focused on the actin filament severing activity of N-WASP . Miki and colleagues found that coexpression of activated Cdc42 and N-WASP in COS-7 cells induced microspikes and filopodia, which were suppressed by coinjection of an N-WASP mutant containing a small deletion in its Cofilin homology region. These observations are consistent with a nucleation model. This group showed previously that the Cofilin homology region was required for N-WASP's actin depolymerizing activity (Miki et al., 1996) . They went on to further characterize the Cdc42/N-WASP interaction and showed that the GTP-bound form of Cdc42 activated the N-WASP actin depolymerizing activity. This suggests that the Cdc42/N-WASP complex also may use actin recycling to control actin dynamics.
At one level, this appears contradictory to the findings of Rohatgi et al., suggesting that N-WASP nucleates actin polymerization. Upon closer examination, however, these data suggest a multifaceted role for the Cdc42 and N-WASP signaling complex. This is further substantiated by work suggesting that N-WASP uses the actin monomer-binding protein Profilin to modulate actin dynamics. Introduction of a Profilin mutant that is unable to bind actin monomers while still interacting with N-WASP's poly-proline domain, can suppress the actin polymerization of microspikes induced by N-WASP (Suetsugu et al., 1998) . The relevance of this to neuronal cells was examined by showing that this Profilin mutant inhibits Cdc42-dependent neurite outgrowth in cell culture (Suetsugu et al., 1998) .
Thus, N-WASP may act as a multifunctional scaffold that recruits and signals through several proteins (Svitkina and Borisy, 1999b) . Initially, an N-WASP complex may nucleate actin fibers at the growth cone's leading edge through interactions with Arp2/3. This may occur through Arp2/3 alone or through Arp2/3's interactions with Profilin (Machesky et al., 1994; Mullins et al., 1998) . This role is supported by evidence that the Arp2/3 complex is not found along the length of Cdc42-induced protrusions (Castellano et al., 1999) , but rather throughout lamellipodia (Machesky et al., 1997; Welch et al., 1997; Svitkina and Borisy, 1999b) . The new filament is released, and the Cdc42/N-WASP complex plays a separate role in filopodial protrusion by severing actin filaments and recruiting cytoskeletal proteins such as Profilin (Suetsugu et al. 1998) , VASP (Castellano et al., 1999) , and Zyxin (Castellano et al., 1999) to promote extension at the tips of filopodia.
FUTURE PROSPECTS
Experiments in Drosophila and C. elegans confirm the expectation that that individual growth cones can simultaneously integrate multiple guidance cues in vivo (Winberg et al., 1998; Rose and Chiba, 1999; Zallen et al., 1999) . This suggests an underlying integration in the signaling machinery that controls growth cone behavior, further supported by elegant in vitro studies that reveal signaling components common to several different types of guidance factors (reviewed by Song and Poo, 1999) . Now that many guidance receptors and their ligands have been defined, we need to understand how distinct inputs are linked to signaling proteins like Ena, Trio, and the Rho-family GTPases. As the pathways that regulate actin dynamics unfold in different model systems, we see many opportunities for links that may coordinate the actions of different inputs. Although it is not yet known whether N-WASP is linked to cell surface receptors, N-WASP provides a potential integrative mechanism downstream, essentially acting as a coincidence detector that triggers assembly when a specific pair of inputs is active. Although it is clear that many functional interconnections exist between the key signaling molecules, the logic of the overall mechanism has yet to emerge. This is the challenge for the future-one that will require a multifaceted approach in neuronal and nonneuronal systems.
